Background: This study augments a randomized controlled trial to analyze the cost-effectiveness of 2 standardized treatments for major depression relative to each other and to the "usual care" provided by primary care physicians.
T HE RELIANCE on market forces to allocate health care resources has placed more emphasis on understanding the efficiency of health care delivery. At the same time, concerns with quality and health plan accountability have heightened interest in assuring that effective clinical treatments are being used for treatment. Some of the organizations that develop report cards use the treatment of major depression as one of the markers for the quality of care provided within health plans. [1] [2] [3] Costeffectiveness provides useful information for programmatic and policy decisions that must balance costs and outcomes of care. This study augments a randomized controlled trial of treatments for major depression within primary care to analyze the cost-effectiveness of 3 clinical strategies.
Our approach builds on recommendations of the Panel on Cost-Effectiveness in Health and Medicine for conducting such research. 4 The innovations in our current article include use of a randomized trial within primary care settings, a careful accounting of treatmentrelated resource use, the transformation of information from symptom scales into quality-adjusted life years for purposes of comparison with other medical technologies, and a rigorous statistical evaluation of cost-effectiveness ratios. The treatment strategies studied are consistent with the Agency for Health Care Policy and Research guidelines for treatment of depression in primary care. 5 The interventions studied involve interpersonal psychotherapy (IPT), pharmacotherapy using a tricyclic antidepressant, nortriptyline hydrochloride (NT), that continues to account for a substantial portion of all treatment for major depression (about 25%), and primary physician's usual care (UC).
RESULTS

CHARACTERISTICS OF THE STUDY POPULATION
The 3 treatment groups did not differ in the characteristics measured at baseline ( Table 1 ). The rather high average HRS-D and BDI scores indicate that the study population includes the very patients for whom active intervention is recommended by the Agency for Health Care Policy and Research Depression Guidelines Panel. 5 The Duke Severity of Illness Checklist 26 and the Medical Outcomes Study Short Form General Health Survey scores 27 indicate these patients suffer significant comorbidities.
OUTCOMES
The Figure, which presents the mean HRS-D score for the 3 treatment groups at each assessment point, indicates that the time path for reduction of depressive symptoms varied by treatment group. Intergroup differences in depressive status were less pronounced at 12 months than at 4 and 8 months; at 12 months, the intergroup differences in depressive status were not statistically significant albeit still possibly clinically meaningful. Differences in effective-
MATERIALS AND METHODS
THE TREATMENTS
This study uses information from a clinical trial conducted by Schulberg et al 6, 7 that has been fully described elsewhere. Primary care patients were randomized to 1 of 3 treatment arms: NT, IPT, or UC. Patients randomized to NT were treated by either board-certified family practitioners or general internists trained in standardized NT procedures. The NT protocol consisted of weekly or biweekly acute-phase visits until the patient's blood level reached a consistent therapeutic state (190-270 nmol/L) and depressive symptoms had improved. A continuation phase was then initiated and patients were seen monthly for 6 months. Patients randomized to IPT were treated by psychiatrists and clinical psychologists trained in its standardized application which consisted of approximately 16 weekly acutephase sessions followed by 4 monthly continuation-phase sessions. Both standardized treatments were provided free of charge to patients. In the study's UC arm, the investigators informed both the primary care physician and patient that the patient was experiencing a major depression. Usual care consisted of whatever strategy the primary care physician and patient chose to follow. 8 
BACKGROUND AND OUTCOME MEASURES
The patients' psychiatric and physical health status and sociodemographic characteristics as measured at baseline are presented in Table 1 . Our goals in constructing health outcome measures were to (1) develop summary measures using information on symptoms over time and (2) create a utility-based indicator of outcome. The Hamilton Rating Scale-Depression 9 (HRS-D) and the Beck Depression Inventory 10 (BDI), which are highly correlated, 11 both measure depressive symptoms and generate values indicating whether individuals are considered symptom free (Յ7 on the HRS-D and Յ8 on the BDI) or severely depressed (Ն22 on both scales). 12 The HRS-D and the BDI were administered at months 1, 2, 3, 4, 6, 8, and 12 by clinical evaluators, blinded to the patients' treatment assignment.
The resulting data were used to construct an outcome measure called depression-free days (DFDs). Using HRS-D assessment scores, DFDs were calculated as follows: if patients had a HRS-D of 22 or higher, they were assumed to lack a DFD; when scoring 7 or lower, they were assumed to have a full DFD; if they scored between 7 and 22, the day was weighted proportionately. To determine the number of DFDs over a year, the scores for the baseline and first-month assessment period were added, divided by 2, and then multiplied by the number of days between assessments. This was done for all other assessment periods and the sums were totaled.
To compare the cost-effectiveness of depression treatments with those for other diseases, we transformed DFDs into quality-adjusted days by using utility weights assigned to depression based on research conducted by others. The transformation assumes a nondepressed person has a utility score of 1 (healthy) while a person meeting criteria for major depression has a utility score of 0.59-the average of 6 reported utility weights for depression [13] [14] [15] [16] (also J. Pyne, T. L. Patterson, R. M. Kaplan, S. Semple, W. L. Koch, J. C. Gillan, and I. Gran, University of California, San Diego, unpublished data, 1994). Thus, study patients were assumed to gain 0.41 of a quality-adjusted day for each day they shifted from experiencing major depression to being depression free.
SERVICE UTILIZATION AND COST MEASURES
Information on patient use of protocol-related services was obtained from records maintained for the clinical trial. This included the number of therapy visits, blood draws, and milligrams of nortriptyline hydrochloride dispensed. Information regarding use of selected services (physician visits, visits to other health care providers, prescriptions for psychotropic medications, emergency department visits, and hospitalizations) within the patients' health centers was obtained from administrative records kept by those centers. Information regarding the use of outside providers was obtained through questionnaires administered to patients during the follow-up telephone calls. All visits were classified as being of a medical or mental health type depending on the providers' qualifications. However, visits to generalist physicians were classified as mental health in nature if medical records indicated that counseling was provided, a psychotropic medication was prescribed, or the patient was referred to a mental health specialist. Hospitalizations, although recorded, were infrequent and are not analyzed because of the study's limited ability to draw inferences because of the small sample size. However, there were no significant (P = .44) differences in the number of inpatient days across the 3 treatment groups over the 12-month period.
Two types of cost were estimated, direct and indirect. Direct costs included the costs of medical services and ness, therefore, are determined by the shape of the time path for recovery. Over the 12-month period, NT, IPT, and UC patients experienced 243, 234 and 185 DFDs, respectively, when assessed with the HRS-D, and 220, 187, and 148 DFDs when assessed with the BDI. The differences across the groups are statistically significant (F 2 = 10.11, PϽ.01 for HRS-D; F 2 = 8.96, P = .01 for BDI). Table 2 presents the mean and SD for different types of health center visits. Excluding protocol visits, NT patients made the fewest health center visits while the UC patients made the most, suggesting a possible utilization offset. However, 45% of the UC visits had some mental health component. This likely resulted from UC patients being advised to see their own physicians for treatment of depression. When protocol-specific mental health visits are added to other health center visits, both IPT and NT patients used services more intensively than UC patients. Table 3 details the costs incurred by the 3 treatment groups. It will be observed that while nonprotocol medicosts incurred in administering standardized treatments. (Administrative costs were estimated since in practice they would be incurred in monitoring guidelines.) Indirect costs included transportation and time costs incurred in obtaining services. Medical services were costed using 1995 Medicare payment rates (visits of different types and laboratory costs for blood tests). Drugs were priced at the lowest average wholesale price possible using generic costs and largest volumes as reported in the 1995 Redbook.
HEALTH SERVICES UTILIZATION
COSTS
17 (The costs of drugs for protocol patients were based on the number of milligrams of nortriptyline hydrochloride dispensed; the costs of psychotropic medication prescribed by primary care physicians were based on the dosage prescribed.) We examined the costs of all health care services rather than those for protocol services alone since it has been posited that the cost of providing good mental health services may be "offset" by a decrease in treatment costs elsewhere. 18, 19 We estimated administrative costs at $77 per year based on information from a managed care carve out plan 20 Transportation (bus or car) was estimated to cost $2 per trip. Three types of time costs were estimated: travel time to and from the clinic, waiting time at the clinic, and visit time. With the exception of emergency department visits, estimated travel times and waiting times were based on national data. 21 Estimated times for protocol visits were based on time samples of the first, fourth, and eighth therapy visits. Thus, time estimates are 50 minutes for all protocol IPT visits, 45 minutes for the initial NT visit, and 16 minutes for subsequent NT visits. Other time estimates are 20 minutes for physician visits lacking a mental health component, 30 minutes for a primary care visit with a mental health component, and 45 minutes for a visit to a nonprotocol mental health provider. The full time spent at an emergency department (waiting plus treatment time) was estimated to be 2 hours 30 minutes (T. Aubel, PhD, Department of Emergency Medicine, University of Pittsburgh in Pennsylvania, oral communication, June 10, 1997). The estimated hourly cost varied with 1989 hourly wages for people with the patient's education, sex, and age. 22 
DATA ANALYSES
An intent-to-treat approach to analysis was used. Random regression methods were used to impute HRS-D and the BDI scores if an interview was missed. 23 2 Tests of association or analysis of variance were performed to determine whether health outcomes, use of services, and costs varied across the 3 treatment groups. Statistical significance was set at P = .05.
A cost-effectiveness ratio is a measure in which the numerator is the incremental cost and the denominator is the incremental effectiveness of an intervention compared with an alternative. To calculate cost-effectiveness ratios, we first estimated regressions to determine how costs (direct and full) and outcomes (DFDs and quality-adjusted years) varied across the treatment groups controlling for covariates (sociodemographic characteristics and baseline health status). This approach provides a more precise estimate of the difference in outcomes than does a simple analysis of variance. For each cost and outcome variable, separate regressions were run for the 2 groups being compared (NT and IPT, IPT and UC, and NT and UC). (The regression results are available from J.R.L.)
The cost-effectiveness ratios were estimated using the coefficients for the treatment group indicator in the cost and outcome regressions. In computing the ratios, we incorporated the uncertainty that exists in the estimates of incremental cost and health effects by approximating the distribution of the numerator and denominator in each ratio as normally distributed with the means and SDs derived from the regressions. We then constructed 1000 random values for the numerator and denominator which results in 1000 random values for the cost-effectiveness ratio. These formed the basis for the reported cost-effectiveness ratios, their associated asymptotic SEs and P values. 24, 25 A number of models were estimated to determine how sensitive the cost-effectiveness estimates were to key assumptions and limitations in the data. First, we determined cost-effectiveness ratios using the 2 different depression scales. Second, we decreased the utility difference between being healthy and depressed by 0.10 point-this adjustment allows both for the possibility that the impact of depression is not so severe and that because of comorbidities, alleviating depressive symptoms will not restore somebody to perfect health. Third, we assumed that IPT could be conducted equally effectively by nonpsychiatric mental health personnel and that this reduced the cost of delivering the IPT protocol by 20%. Since the information on health service use outside the health centers was not consistently available because of missing follow-up data, most of the cost-effectiveness estimates consider the cost and use of services only within the patients' own health centers. However, we calculated cost-effectiveness ratios for a subsample of patients who responded to all follow-up interviews.
cal care costs are higher for UC patients than for IPT and NT patients, direct costs for IPT and NT patients are significantly higher. Furthermore, the full costs incurred by IPT and NT patients significantly exceed those incurred by UC patients. It is worth noting that time and transportation costs are considerable for all groups.
COST-EFFECTIVENESS OF STANDARDIZED TREATMENTS
The data presented above indicate that NT patients do slightly better than IPT patients. The NT group's clinical outcomes as measured by DFDs are somewhat higher and costs (both direct and full) are somewhat lower although the differences are not always statistically significant in 2 ϫ 2 comparisons. (In this case, a cost-effectiveness ratio is not pertinent since such a ratio is constructed when the benefits are greater, but the costs are higher.) The comparisons between the standardized treatments and UC are more complex since IPT and NT are more expensive, but their outcomes are better. Some cost-effectiveness ratios for the standardized treatments and UC are reported in Table 4 . Focusing on cost-effectiveness ratios NT vs UC, and using outcomes based on HRS-D scores, we found that $13.14 in direct costs are incurred for each additional DFD experienced by NT patients. This translates into a cost of $11 695 per quality-adjusted year if the difference between a depressed day and DFDs is 0.41 of a quality-adjusted day; and to $15 202 per quality-adjusted year if the difference between a depressed day and a DFD is 0.41. 28 If full costs are considered, the cost-effectiveness ratios increase. The costeffectiveness ratios also vary depending on the depression assessment instrument used. The cost-effectiveness ratio for IPT vs UC falls if IPT is delivered equally effectively by nonpsychiatric mental health personnel at 80% of the psychiatrist's cost per session. Using outcomes derived from HRS-D scores, the direct cost per IPT-achieved DFD would fall from $22.82 to $17.56; and the direct cost per qualityadjusted year 1 would fall from $20 310 to $15 358. It will be noted that the cost-effectiveness ratios for IPT vs UC always exceed those for NT vs UC, which is consistent with the finding that NT is slightly better than IPT in both outcomes and costs. (The findings for the subsample who responded to all follow-up interviews are similar to those presented in Table 4 .)
COMMENT
In discussing the findings of their randomized clinical trial, Schulberg et al 6 concluded that NT and IPT of a quality consistent with the Agency for Health Care Policy Research Guidelines are markedly superior to UC in resolving an episode of major depression. We used data from that trial to develop a measure called DFDs and found that NT and IPT patients achieved significantly more of them than UC patients. However, better mental health outcomes were achieved at a marked fiscal cost.
From an efficiency perspective, the question is whether the additional costs associated with additional benefits are worth it. One approach to answering this question is to compare our findings against an established benchmark. Such a standard was established by a Canadian team that assigned a grade B recommendation to tech- *DFD indicates depression-free day; QALY; quality-adjusted year; HRS-D, Hamilton Rating Scale-Depression; and BDI, Beck Depression Inventory. Direct costs are all medical costs plus administration; full costs, direct costs plus transportation and time costs. Quality-adjusted year 1 is based on the assumption that one gains 0.41 of a quality-adjusted day when one moves from being fully depressed to being symptom free; QALY 2, on the assumption that one gains 0.31 of a quality-adjusted day when one moves from being fully depressed to being symptom free; cost 1, on the assumption that interpersonal psychotherapy sessions are paid at the Medicare rate for psychiatrists; cost 2, on the assumption that interpersonal psychotherapy sessions are paid at 80% of the Medicare rate for psychiatrists.
nologies that "were more effective than the existing ones and cost less than $20 000 per quality-adjusted life year gained." 27 The grade B recommendation was that such technologies be adopted. Using this criterion, we conclude that NT is a cost-effective alternative to UC. Interpersonal psychotherapy only meets this criterion if it can be delivered at a cost per session equal to 80% or less of the psychiatrist's rate (which is increasingly the pattern given managed care discounting of fees and use of nonpsychiatrists for psychotherapy). A second approach is to determine whether the cost-effectiveness ratios for NT and IPT relative to UC are within the ranges reported for other treatments. Since that range is very broad, both NT and IPT pass this liberal criterion. 4, 29 It is difficult to compare our findings on costeffectiveness for NT and IPT relative to UC with those of other researchers since, to our knowledge, this is the first study of depression treatments to apply the criteria established by the federal panel. Our general findings, however, are consistent with those of other researchers. Sturm and Wells 30 and Von Korff et al 31 also found that treatment consistent with guidelines costs more money but leads to improved outcomes. Our findings also agree with those of Von Korff et al 31 who did not find any significant medical offsets.
It is possible that our findings are biased, although it is difficult to assess the bias' direction. On the one hand, the better outcomes found for standardized treatments may be understated relative to those that would be observed in routine practice since (1) NT patients might have been even more responsive to standardized NT if it had been provided by their regular physicians instead of by specially trained physicians; (2) physicians treating UC patients may have been more attuned to depression since they and their patients were informed of the patients' diagnosis and knew they were being monitored; and (3) follow-up analyses ended at 12 months, but some treatment benefit could extend beyond the first year.
Alternatively, the positive outcomes for standardized treatments could be overestimated. First, nortriptyline produced physiological and psychological sideeffects whose negative impact is not fully accounted for in our analyses (although any extra medical costs are). Second, our results are conditional on several key features of the experimental design. Of particular importance is that protocol treatments were provided to study subjects at no personal cost while UC subjects had to pay for mental health services within the terms of their insurance coverage. Since private insurance for mental health care typically specifies more stringent limits on coverage and requires higher levels of cost sharing, the treatment pattern for UC patients may have been adversely influenced. Thus, we could not separate the insurance effect from the protocol effect. However, a substantial number of the UC patients were covered by Medicaid where out-of-pocket effects are zero, and so the insurance effect is probably attenuated.
Since this clinical trial was undertaken, other antidepressant medications that are simpler to administer and produce fewer side effects have been marketed. However, a study conducted at Group Health Cooperative in Puget Sound 32 suggests that the findings from our study about NT would not be markedly changed by prescribing selective serotonin reuptake inhibitors. In this Group Health Cooperative study, patients recognized as depressed by their primary care physicians were randomly assigned to fluoxetine or 1 of 2 tricyclic antidepressants, and their treatment and clinical course were followed for 6 months. Although patients often switched from one medication to another, the outcomes and costs did not differ between the classes of antidepressants. The data from this study come from a randomized clinical trial. While many have recommended using information from this source to conduct cost-effectiveness studies, 33 others question whether such results are generalizable to routine practice. 34 We would note, therefore, that the randomized clinical trial's inclusionary criteria were broad, the exclusionary criteria were limited, and patients were recruited in the waiting rooms of primary care practices. Thus, our findings should generalize better to an ambulatory medical population treated in routine practice 35 than is common. A second influence of the clinical trial is that subject recruitment was determined by the numbers needed to assess recovery from depression. Thus, the number of cases was too small to detect any significant differences in rare events such as hospitalizations. Finally, the data from the trial were subject to attrition. While our analyses of this problem suggest that the clinical results are stable to differences in attrition, our ability to clarify this issue is limited and we must interpret the results cautiously. On balance, however, we believe that reported estimates on the cost-effectiveness of standardized treatments for depression are likely to encompass those to be found in routine practice.
The growth of managed care has changed the manner in which clinical decisions are made. They are no longer predominantly the result of interactions between individual clinicians and individual patients but, instead, are increasingly influenced by administrative and fiscal mechanisms. Expanded use of treatment guidelines, utilization management protocols, and case management are affecting individual treatment choices in ways that did not typically occur under traditional fee-forservice insurance arrangements. It is, therefore, likely that information regarding the economic efficiency of various treatments will play a growing role in structuring the administrative rules under which care is delivered. Given these developments, our findings support the use of structured pharmacological interventions in the management of uncomplicated depression in primary care. There is an economic rationale for initially prescribing an antidepressant medication when patients lack strong treatment preferences and there is no clinical contraindication. Furthermore, our results indicate that providing standardized treatments for primary care patients diagnosed with a major depression would be both clinically effective and cost-effective.
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